delivering + amper~of current has b~en b~ilt on a single 6~~X 66-mil die using the conventional all-diffused processing teclmology. Improved performance has been achieved by ueing an internal lowpower voltage regulator to supply the desired dc output voltage reference directly to a second main regulator. This permits the dc and ac characteristics of the regulator to be separately optimized with the result Fig. 1 . The series pass transistor appears to be the most difficult device to realize. A power p-n-p transistor may at first appear to be the best choice as it can be easily driven by an n-p-n stage without using auxiliary power supplies. However, the power p-n-p is difficult to realize in monolithic
form.
An n-p-n series pass device requires a source of base 
The closed-loop output impedance zo~is then found to be
Two things are apparent from these equations. From (2) it is seen that at the low frequencies of interest in regulator design, a dominant single pole roll-off is produced by the load elements EL and CL, which results in good loop stability despite the use of high loop gain.
Second, it is seen from (5) which WaS required for 100P stability.
AS an example> for 1~= 0.6 mA, PO = 60, Rfi = 20 ohms, and CL = 10 pF, we find T = 840, WP/~= 800 Hz, and z~L = 0.02 ohm from dc to approximately 1 MHz.
The effects of the beta cutoff frequencies and additional phase shifts of the transistors will limit the maximum bandwidth that can be obtained in zcL. In practice?
lead reactance in series with the load dominates the highfrequency response.
B. DC Reference Shifting Circuit
As shown in Fig, 4 
The current IE flowing in these resistors is given bỹ E=vz-pl#J R (lo)
where R = Rb -t-R, and p = n -I-m, and the temperature change of this current is given by
Over the temperature range of interest, the temperature dependence of the diffused resistor is approximately
given by
where R. = R (TO), To = +25"C, and~= temperature coefficient of resistance from which aR z = CYRo.
Substituting (13) into (11) This is avoided by deriving both of these currents from the same compensated reference to insure tracking for all temperature.
E. Biasing the Lateral p-n-p Current Sources
The lateral p-n-p transistors are ideal for use as de current sources since they can be designed for large output impedance and low output capacitance, but they suffer from batch to batch variation in hFR. A bias scheme is needed that will operate the lateral p-n-p in the common base orientation (for high output impedance) and that will also provide a predictable current magnitude that is insensitive to hpn variations. The circuit shown in Fig, 6 satifies these requirements.1 The reference voltage + VP (of Fig. 5 ) is used to establish the total current flow in R~. (For simplicity, it can be assumed that the VBE drop of the n-p-n is cancelled by the V~B rise of the p-n-p such that the voltage VP appears at the lower end of Rn or Vzn = V -VP.) This current IRfl has two paths: the collector of the n-p-n or the emitter of the p-n-p. Neglecting the base current of the n-p-n, it can be seen that the current that enters 1 This circuit was suggested by J. E. Thompson.
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the collector of the n-p-n.
reappears at the emitter and adds with the base current of the p-n-p, IB7 h satisfy the current source~B~ax. Thus, the collector current of the p-n-p must simply be the difference between IRã nd lB~.X, both of which are well controlled. In operation, the n-p-n is brought into that level of conduction necessary to satisfy (IB~.x -IB) and in the limit, for low hF~of the p-n-p, the n-p-n just ceases to conduct.
Over the region in which hF* of the p-n-p is greater than a minimum value, i.e.,~o/~B~< h~~< w, the collector current of the p-n-p is closely controlled.
V. THE COMPLETE CIRCUIT
The individual elements previously described are combined in Fig. 7 to form the circuit implementation of the block diagram illustrated in Fig. 2 . In addition to the major elements already discussed, several secondary functions are included in the complete circuit. These are discussed below,
The bias current of the control amplifier Q13 is used to prebias the driver transistor of the series pass device
Qs. This improves the iiFE and f, of Qs, especially when operating with small values of load current.
Due to the necessary independence of the biasing currents from the input voltage, a "start" circuit must be used to allow the regulator to set up initially.
To accomplish this function, a second Zener reference diode CRZ is biased by a large-valued resistor RI directly from + 'k'in. This auxiliary Zener is coupled to the main reference Zener CR8, using a diode-disconnect scheme. When an input voltage is first applied, a path is provided from + Vi. through the resistor RI, the coupling diode CR1, and into the base of the current reference transistor QIO.
This guarantees the initial bias setup. 
VII. SPECIAL DEVICES
A photomicrograph of the IC die is shown in Fig. 9 .
Several devices on this die are of novel design. The high current n-p-n series pass transistor QI is a 5-stripe inter- 'I'he use of lateral p-n-p structures for dc current sources is becoming common in IC designs. In this circuit,' a circular geometry was used with a wide spacing from emitter to collector (0.6 roil) to increase the output impedance and provide an output impedance of 4 MO at 10 = 0.6 mA while maintaining a useful hm (8 to 16). (for a Ti = +150"C) is used.
IX. SOME INTERESTING APPLICATIONS
The capability of electronic shutdown can be used in many ways to extend the versatility of the basic unit.
In addition to power savings and squelching, a novel application results from noting that the threshold voltage for this control is simply that of two base-emitter junctions.
The 
